In the current situation with the unprecedented deployment of clean technologies for electricity generation, it is natural to expect that storage will play an important role in electricity networks. This paper provides a qualitative methodology to select the appropriate technology or mix of technologies for different applications. The multiple comparisons according to different characteristics distinguish this paper from others about energy storage systems.
Introduction to the structure of the electricity sector
The European electricity sector is getting ready for a challenging evolution, which will happen at several levels. By way of example, 95% of the increase in primary energy consumption between 2005 and 2030 in Europe will be supplied by renewable energy sources (RES). Moreover, the total electricity expected to be generated from renewables will more than double over this period. After 2030, the deployment of renewable energy sources in Europe is expected to accelerate, in order to offset the reduction of between 80 and 95% in greenhouse gas emissions by 2050, decided by the EU Member States (EU-27) [1] . Nevertheless, the deployment of RES in the EU-27 is already increasing steadily as can be seen from Fig. 1 . Similarly, around the world other countries are evaluating their potential of reaching challenging goals of RES deployment, especially after the Fukushima accident [2e5] .
In this situation, electrical energy storage can play a pivotal role in the EU-27 grid, providing several services for the network in order to balance and smooth variations in both load and generation.
With the increased deployment of renewables, where storage can act as a buffer to offset the effects of the intermittency of some natural power sources such as wind and solar, this capability gains even more in importance [6e8] . Moreover, the energy storage technologies associated with renewable energy sources have the capacity to change the role of the latter from energy supplier to power producer [9] . Using data from a recent survey by the JRC [10] , the proportional investment in storage systems in Europe is shown in Fig. 2 . The actual figures are confidential.
However, market players are confronted with some questions, for example regarding the limited price difference for the final consumer between peak and valley hours or the lack of experience in the commercial deployment of some of the technologies. This applies even to technologies that seem, theoretically at least, to be cost-effective. In fact, an EU-27 regulatory framework, covering not only power supply, but also energy supply and ancillary services, would be advantageous for the deployment of storage technologies.
Actually, one of the reasons why large investments on storage are not attractive from the economic point of view is due to the insufficient remuneration of ancillary services such as balancing services and payments for reserves.
Independently of these considerations, the ability of storage technologies to act as a 'shock absorber' for the electricity infrastructure, thus enhancing its efficiency, reliability and security, is an important asset for the future electricity network: 'by maintaining even a relatively modest amount of reserves, storage facilities e big and small e will have a positive impact on the market' [11] . This positive impact can take the form of dampening the volatility of electricity market prices, increasing the efficiency of the market, fostering quantification of the value of ancillary services [12] , and even improving security in the case of conflicts. In the retail energy sector, storage can reduce energy costs through peak shaving, while improving the quality of power, enhancing service reliability and avoiding spillage of renewable electricity. In countries with large variable renewable generation it happens that during valley hours, renewable generation can be spilled if no storage is used. The quantification of avoided CO 2 emissions because of the use of storage for this purpose should be checked in order to value additionally storage investments.
Moreover, storage technologies have a high deployment potential particularly in markets with an increasing cost difference between peak and valley hours. Integrating storage to ensure a profitable utilisation factor is therefore an important issue [13] .
In order to complement the data gathered from the literature on the different technologies, we carried out a survey of manufacturers. In this survey, we requested average values for full cycle efficiency, durability (time and cycling), power and energy rating. The information collected was then incorporated in Table 1 .
Technologies

Pumped hydroelectric energy storage (PHES)
For this storage method, two water reservoirs at different heights are used. In charging mode, the water is pumped from the lower to the upper reservoir. In discharging mode, the water flows from the upper into the lower reservoir, driving the reversible turbines and producing electricity. This is the most common storage system in the electricity sector. It is traditionally dependent on natural conditions, usually making use of rivers or lakes. However, some innovative methods have emerged in recent years, such as use of the sea as the lower reservoir (Japan) or a proposal to use a surface reservoir as the upper reservoir and an underground reservoir, possibly below the other, as the lower reservoir.
It is a mature technology, widely deployed worldwide, with a high durability. The efficiency of older systems can be increased by retrofitting some of their components, in particular their turbines. Drawbacks are the location limitations, long lead times, environmental issues, and the high initial costs [14] .
Dinorwig (UK) with 1800 MW is the largest facility of this type in Europe, with a black start capability.
Compressed air energy storage (CAES)
When charging, a CAES device compresses air into reservoirs, which may be natural caves or artificial. When the cycle is inverted, electricity is produced by turbines. A conventional system has a limited efficiency due to the heat radiated to the atmosphere during compression. This effect is offset by using natural gas or another fuel in the discharging phase.
In an adiabatic system, the heat is stored in a special reservoir and reused to increase the discharge efficiency. This heat is stored in solid or liquid media [15] . In an isothermal system, almost no heat is radiated due to the use of a special device functioning simultaneously as a heat exchanger and a compressor [9] .
Its advantages are durability and flexible size. The disadvantages are the initial capital costs, slow response, and limitations in terms of location. To overcome these drawbacks, the construction of storage tanks has been proposed, particularly for the deployment of small-scale CAES.
The conventional type of system has been deployed in a few installations worldwide and has been used for large-scale storage. The first system implemented worldwide was the one at Huntorf, in 1978 in Germany, with 220 MW. It is still functional and also has a black start capability. A project supported by the European Commission proposed Advanced Adiabatic CAES plants in different sizes for different applications [15] .
Chemical batteries
A rechargeable battery comprises three major components: the positive electrode (cathode), the negative electrode (anode) and Main references for Table 1 (others are listed throughout the paper): PHES: availability [22] ; Lead-acid availability [23] ; Nas [24] : availability according to the results of demo projects; Li-ion: power density [25, 26] ; durability and availability [27] and [28] ; NieMH [29] ; Zebra [30] ; flow batteries: energy density: ZBB; availability: PacifiCorp and Prudent energy projects; VRB [31] ; Metal Air and SMES [13] ; Fuel cell reliability [32] ; Costs [33] ; and all [14] the electrolyte, solid or liquid, which together form an electrochemical cell. The electrodes are immersed in the electrolyte and the cell produces a voltage. Usually this voltage is less than 2 V, but several electrochemical cells connected in series provide the output voltage. During discharge, redox (reductioneoxidation) reactions take place and the electric current flows in the external circuit from the cathode to the anode. As the reactions are reversible, the battery can be recharged by applying an external voltage across the electrodes. Depending on the electrodes and the electrolyte, there are many different batteries that can operate in different conditions for different applications. As the durability of the batteries depends on the depth of discharge, it is important to bear this in mind in evaluating these technologies.
Lead-acid
This is a mature technology, especially with the experience gathered from decades of use in the vehicle industry. The disadvantages are the poor low-temperature performance, low durability and environmental concerns due to the use of lead.
A typical facility is BEWAG in Berlin, with a capacity of 8.5 MWh/ 1h. In the survey, manufacturers stated that it was possible to store up to 80 MWh in these devices.
Nickel cadmium (NieCd)
A mature technology, initially deployed at appliance level, it offers advantages such as robustness to deep discharges, a long life cycle, temperature tolerance, and a higher energy density than lead-acid [16] . Drawbacks are the use of cadmium, a highly toxic material, the costs, the need for advanced monitoring during charge and discharge, due to the memory effect, and the periodic need to perform a complete cycle. It is seen by some authors [16] as a promising technology. In Europe, however, its use for consumer appliances has been banned by Directive 2006/66/EC. The technology has been deployed at the Golden Valley Electric Association, Alaska, providing 27 MW for 15 min or 46 MW for 5 min for VAR support, spinning reserve, frequency regulation, power system stabilisation, load following, load levelling and black start applications.
Nickel-metal hydride (NiMH)
A variant of NiCd, this technology has a higher energy density and is more environmentally friendly due to the use of non-toxic materials. The drawbacks include the high self-discharge of the basic version and the dependency on the limited supply of rare earth materials. It is used in consumer electronics. In rating terms, it is available up to the KW scale, being used in electric vehicles [16] .
Lithium ion (Li-ion)
Highly deployed in the market for small appliances, these batteries have a very high efficiency and reliability, a good energy density and a slow self-discharge rate. However they are still expensive for medium-and large-scale power, even though they are being deployed more widely, which will probably lower the cost. Their energy capacity may reach 30 MWh.
Sodiumesulphur (NaS)
This is a high-temperature battery, with a working temperature in the region of 300 C. Its advantages include quick reversibility between charging and discharging, efficient operation, the ability to provide pulse power over six times its continuous power rating [9] , low maintenance, long life, and good scale production potential. One drawback is that it needs to maintain a high operating temperature, which discharges it indirectly. It is an economic option for both power quality and peak shaving. Some authors state that this technology has corrosion problems that may impair its reliability [16] .
In Europe, some systems have been installed in Germany. At present, the world's largest is installed in Japan with a rating of 34 MW and 220 MWh.
Sodium nickelechloride (NaeNieCl or zebra)
Small and light, this technology possesses a fast response, robustness to full discharge and a very high energy density. Its drawbacks include its high cost and self-discharge. Some authors foresee a great potential for these devices in conjunction with intermittent renewable energy [17] . Until now, the technology has mostly been used in electric vehicles and submarines.
Flow batteries
Flow batteries are electrochemical devices which store energy in solutions (electrolytes) containing dissolved electroactive species. To release energy, a reversible electrochemical reaction between the two electrolytes takes place at the electrodes forming the electrochemical cells. Unlike conventional batteries, which contain the reactive compounds, redox flow batteries use electrolyte solutions stored in external tanks, so the capacity of the system is determined by the size of the electrolyte tanks, while the system power is determined by the size of the cell stacks, allowing independent scaling of power and energy capacities.
Flow batteries are highly flexible in terms of energy, as the energy is proportional to the amount of electrolyte utilised. They have a high efficiency, short response times when compared to other batteries, symmetrical charge and discharge, and quick cycle inversion. Also, they can be optimised for either real power (MW) or reactive power (MVAR). The drawbacks are the low power density, the toxicity of some materials used and insufficient deployment at commercial level. Nevertheless, vanadium redox (VRB) and zinc bromide (ZnBr) batteries are available on the market. Other subtypes exist, such as the vanadium bromide battery, the zinc cerium battery, or the polysulphide bromide (PSB) battery, but are at an earlier stage of development.
A PSB plant was to be built at Innogy's Little Barford Power Station, UK, with 15 MW/120 MWh. VRB systems are installed at several locations worldwide, including a 15 kW Â 8 h power system in the SYS Lab in Risø (DTU), Denmark, a 250 kW Â 8 h system installed by PacifiCorp in Moab, Utah, for load levelling (peak shaving) and a 50 kW Â 4 h system operated by the National Renewable Energy Centre (CENER), Spain.
Metal-air batteries
Metal-air batteries use metal as a fuel to supply electricity. This technology is said to have a high potential in the coming years. However, it still needs development, particularly as regards the recharging stage. Some devices are unable to recharge and need material replacement. Their low efficiency and low power output are barriers still to be overcome. The most developed system is zinc-air, although some references are also found to lithium-air. Its biggest advantage is the environmental impact, as it uses non-toxic and recyclable materials. The technology is still at an early stage of development, with some characteristics still to be evaluated.
Flywheels
Flywheels take advantage of the possibility to store electricity as kinetic energy. When it charges, the flywheel accelerates. When it discharges, the kinetic energy is withdrawn.
There are two main types: low-and high-speed, also termed high-power and high energy, respectively. The first type is cheaper but has a short discharge time (some seconds to a few minutes).
The second type can supply energy for more time (up to an hour) but is about 100 times more expensive.
The advantages of this technology are its apparent immunity to the number of cycles, the speed of charging and discharging, power rating and modularity. The drawbacks are the limited energy storage for the low-speed type and the cost of the high-speed type.
This technology has been successfully deployed in remote electric systems, allowing further penetration of renewable energy sources at such locations. This is the case with the Flores and Graciosa islands in Portugal [18] .
Superconducting magnetic energy storage (SMES)
In SMES, the energy is stored in a magnetic field created by the flow of direct current in a superconducting coil. These coils do not degrade with usage or time, so durability and reliability depend only on the auxiliary equipment, such as power converters. The advantages of SMES are high efficiency, durability and reliability, short response times, no self-discharge and low maintenance. The disadvantages are the very high cost and the impact of the magnetic field. It may be used for short-duration energy storage, particularly in PQ (power quality) and small-sized applications. This technology is suitable for connection at distribution level or at an end-user site for high-quality power. It is deployed commercially [9] .
Several installations have been deployed worldwide, particularly in the US. Europe also possesses some devices, for example at the Technical University of Munich. Some authors envisage, as a goal for this technology, the production of 100 MW devices by 2050 with an efficiency of 99% [19] .
Super capacitors
Energy is stored in the electric field produced between the two electrodes of the capacitor. Compared with normal capacitors, super capacitors make use of their particular structure to provide an outstanding capacitance. The main features are their exceptional efficiency, the performance at low temperatures, no need for maintenance, immunity to deep discharges, speed of response, and extreme durability. Drawbacks are the high cost, high self-discharge, and low energy density. The technology is comparatively young, but has been evolving at a remarkable pace and is regarded as an excellent solution for voltage regulation [9] . These systems are being increasingly used in Japan in voltage sag regulators [20] .
Hydrogen storage systems (with fuel cells)
Hydrogen can be used as storage medium for electricity. First the energy is stored by producing hydrogen, substance which is then stored, and finally used to produce electricity. Hydrogen can be produced by extracting it from fossil fuels, by reacting steam with methane or by electrolysis. This last method is the one that allows electricity to be stored in a direct way. Moreover, it is the most promising as it is the most cost efficient and does not produce pollutants [17] In terms of storage of the hydrogen itself it can be stored using one of the following three techniques: pressured vaporous hydrogen, cold liquid hydrogen, or hydrogen compound in chemical or physical structures. The first one is suitable for big installations, the second one for the transportation of big quantities or mobile applications and the third one for applications where portability and space are relevant [9] Finally the hydrogen is supplied to a fuel cell which then uses it to produce electricity.
Several types of fuel cells exist, with different levels of efficiency and cost. Some types are quite sensitive to non-continuous cycles.
Thermal energy storage (TES)
Thermal energy storage involves storing electricity as heat, either at low or high temperatures. When needed, the stored heat is converted into electricity by heat engines.
In broad terms, two thermal storage processes can be used [21] . One is based on the heat capacity of the storage medium and the other on the phase change of the storage medium. Several materials may be used as the storage medium, including water, molten salt and lithium fluoride.
Some thermal storage systems use either ice or chilled water, accumulating during the night all or part of the freezing capacity needed for the day. The technology can be found in fossil or biomass thermal power plants, where it is seen as a way of increasing efficiency by storing thermal energy at lower demand moments and using it at peak or higher demand moments. Similar systems are used in some concentrating solar power plants, as a way of storing the energy for times when it is more needed and/or keeping production constant by minimising the impact of events such as passing clouds. A third possibility is using this technology to convert electricity into heat, storing it and then inverting the process when that energy is needed [9] . Table 1 compares all the technologies described above. The 'maturity' row gives a qualitative assessment.
Comparison of technologies
In future work, we intend to model the impact of energy storage systems on the reliability of distribution networks. We have therefore used this assessment to calculate theoretical availability indices for our simulations.
General table
The economic aspect is always important for the choice of any technology, so we summarise the information provided in Table 1 in Fig. 3 :
We have devoted particular attention to the information on the availability of the different technologies. As the figures for the availability of a proven technology have a different level of certainty than those for an unproven technology, we have combined the information on availability with assessments of maturity in Fig. 4 . These are qualitative assessments from 1 (lower) to 5 (higher) based on the available literature, in particular [34] .
Characteristics of storage technologies
Several aspects need to be examined to evaluate and differentiate the storage technologies available in order to select the most suitable device for a desired application. There is no perfect technology for storage, which means that any solution has to take the best advantage of a given technology or find a good compromise in a synergy of technologies.
Efficiency
Like any appliances using energy, storage devices exhibit losses. To evaluate the efficiency of a storage device, the full cycle has to be taken into account: charging, keeping that charge and discharging. The different technologies used are important for evaluating efficiency. Some devices use chemical transformations, others are based on physical processes, and a few are able to store electricity directly as electricity. In some cases, energy is needed for the device to keep the charge, while in others some energy is lost through time. Both situations are considered to involve a loss of efficiency.
Durability
Durability, or expected remaining life time, is an important factor for energy storage technologies. In some cases, it depends on the number of cycles, cycle depth or the no-return level of discharge. A cycle is defined as follows: 'A cycle is a full charge and discharge of the battery. If the battery constantly is charged and discharged 1%, the number of such cycles that the battery is expected to be able to perform will be a 100 times as many as specified' [9] . Additionally, for some technologies, the temperature of the room where the device is placed and this temperature variation can be a relevant factor as well. Finally, ageing is always an important factor, and in some cases the only factor. Fig. 5 shows the data in Table 1 in graphic form, to compare efficiency and durability using logarithmic scales.
Energy and power density
Energy and power density are relevant for evaluating the energy/power ratio of a technology and determining the size and weight of a given solution. These are important characteristics for applications with limited space and weight, such as transportation or mobile appliances, and for installation in urban areas where space is limited.
In Fig. 6 , we have recalculated the data shown in this paper to create a Ragone plot, relating power and energy density along logarithmic scales.
Reliability
Reliability is the probability of a device performing its intended function over a specified period of time under stated conditions. It is usually evaluated using different, complementary indices. Two of the most common are Mean Time Between Failures (MTBF) and Mean Time To Recovery (MTTR). Availability is the proportion of 
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time that a device or system is in a functioning condition. It is calculated using the following formula: availability ¼ MTBF/ (MTBF þ MTTR) [35] . In the literature it is possible to find probabilities for both reliability and availability, the difference between the two being that the availability of a system takes into account planned outages, like regular maintenance.
To gain an idea of what these probabilities mean, an availability of 99.9% is equivalent to an MTTR of 1h associated with an MTBF of 1000h (approximately 6 weeks of continuous work) and 99.99% is equivalent to an MTTR of 1h for an MTBF of 10,000 h.
The concept of availability or reliability can be difficult to evaluate in some cases, e.g. for batteries, In this case, for instance, there are many parameters that play a role in the availability and/or reliability of systems. The first is the application, which determines the number of cycles and state of charge (SoC) during charge/ discharge. These cycles must be very well controlled in order to protect the battery and ensure the expected life-time. Also, environmental aspects such as temperature and humidity influence the life time and cycling of systems.
Response time
Some applications require a quasi-instantaneous response time (milliseconds), others a few minutes. The response times of the available technologies likewise range from some milliseconds to some minutes.
Storage capability: power vs energy
In some of the literature, a distinction has been proposed between technologies providing power, delivering electricity for short periods, and those providing energy, delivering electricity for longer periods. Different applications exist for these two types of technologies. Some require only seconds or minutes of power, such as frequency control. Other applications may require hours, such as load levelling [9] . A combination of several applications may require the use of several devices to ensure the most cost-effective solution.
Applications of storage technologies
Storage technologies have a wide range of applications, such as
Load levelling e a strategy based on charging off-peak power and discharging the power at peak hours, in order to ensure a uniform load for generation, transmission and distribution systems, thus maximising the efficiency of the power system.
Peak shaving/valley filling e although the principle is the same for these two concepts, the focus is slightly different. Peak shaving concerns the minimisation of peak power and therefore the use of the more expensive power plants, while valley filling focuses on increasing the efficiency of the base plants by increasing the load at those moments.
Load following e providing a buffer, absorbing or injecting power to balance short-term variations between generation and load.
Spinning reserve e closely related to load following, this is described as the 'synchronised unused capacity that can be activated by the [system operator] to offset the differences between the scheduled load/production and the real load/production, controlling the frequency on the grid' [36] .
Power quality e involving the mitigation of disturbances in the grid, such as flicker effects and voltage sags. Covering transient stability, voltage stability and power oscillation damping. Investment deferral e for resolving congestion and deferring the upgrading of lines, cables and substations.
Intermittency mitigation e related to load following and spinning reserve, this is used in particular for intermittent renewables, such as wind or solar photovoltaic. Storage can minimise the impact of power variability on the network.
End-use applications e for levelling fluctuations, preventing voltage irregularities and providing frequency regulation for end-user equipment. Another use is as emergency backup, to maintain a very high level of reliability for the consumer if needed.
Demand-side management e through micro-storage located in end-user premises [11] , users can minimise the cost of energy, or even achieve gains by buying energy off-peak and selling it on at peak hours.
Loss reduction d by decreasing network usage in the higher load periods and increasing it in the lower load periods, storage can increase the efficiency of the network and reduce energy transport costs [9] .
Contingency service e providing a reserve if a power plant goes off-line [9] .
Black start e enabling the power system to be restarted after a black out.
Area control e for preventing the unplanned transfer of power between neighbouring utilities.
6. Analysis of the storage technologies and their integration in the electricity sector
Categorisation
It is possible to categorise storage technologies by their applications, as is done by Ref. [36] . Some applications may go into more than one group [37] . We have therefore grouped the applications described above as follows: ➣ Bulk energy storage, which includes applications such as load levelling, spinning reserve, energy transfer (peak shaving/ valley filling), contingency service, and area control; ➣ Distributed storage, including peak shaving, investment deferral, load following, demand side management, loss reduction, contingency service, black start, and area control; ➣ Power quality, including power quality, intermittency mitigation, end-use applications, and black start.
Another possible classification is that proposed by Ref. [9] :
➣ Power quality, for short periods of time and rapid cycling energy needs, to maintain voltage and current within the required limits; ➣ Bridging power, to ensure continuity of power supply over a period of minutes; ➣ Energy management, concerning the supply of power to loads independently of the time of generation.
One has to bear in mind that not all technologies are suitable for all applications. This is due to limitations such as power output or storage capacity. Therefore, when categorising the technologies, we took into consideration their ratings. The results are set out in Table 2 .
Based on the information displayed in Table 1 , the relationship between power and discharge duration can be evaluated corresponding to the energy of the device. The maximum energy range per technology is shown in the following Figs. 7e9, categorised according to Table 2 .
Methods of connection
In the literature, several methods of connecting energy storage devices to the network are described. The method used depends on the application. When the aim is to provide services such as peak shaving or frequency regulation, the device is connected to the Li-ion NiMH SMES Zebra Fig. 7 . Power vs. discharge duration for bulk energy storage technologies. Fig. 8 . Power vs. discharge duration for distribution energy storage technologies. Fig. 9 . Power vs. discharge duration for energy storage technologies suitable for power quality.
network like a conventional generator. Another application, frequency regulation can be provided using this method or through DC/AC interfaces that connect storage units to the grid. This is the case when voltage source inverter type units are used. These units are capable to emulate the behaviour of a synchronous machine together with its frequency regulation loops. However, if the energy storage device is to provide uninterruptible power, it may be connected in three different ways: standby, line-interactive, or online, depending on the switching speed, quality of service, and rating.
Standby uses an integrated relay to switch between the network and the storage device, which takes at least a few milliseconds. However, it is satisfactory for many purposes.
Line-interactive mode can be seen as a variant of standby, but providing additional power quality services with attenuation of sags and spikes.
Online connection performs a double conversion: AC/DC and then DC/AC, recreating the waveform. It ensures electrical isolation and can thus provide an 'electrical firewall' from the network for some installations. Moreover, it allows continuous supply with no switch delay. This type of connection is usually used in uninterruptible power supply systems in the MW range [9] .
Conclusions
Electricity networks are facing an unprecedented evolution. In the coming decades, technologies will emerge to change the face of these traditionally technologically stable systems. The need to cater for a wide and growing range of renewable energy sources by 2020, and by 2050, can be seen as a major driver for this change. By 2050, GHG emissions in the EU-27 will be 80e95% lower than in 1990. The huge RES expansion needed will be challenging for electricity networks, due to issues such as the variability of renewables. To cope with this variability, energy storage technologies are a natural answer.
Energy storage technologies are capable of providing several services to the network. Those services can be supplied for bulk or distributed storage or to ensure power quality, and concern not only power supply but also ancillary services. As listed above, they are: load levelling, peak shaving/valley filling, load following, spinning reserve, power quality, investment deferral, intermittency mitigation, end-use applications, demand side management, loss reduction, contingency service, black start, and area control. In order to provide these services, several methods of connection may be used. However, there is a problem with energy storage. This is that the benefits in all these applications have not yet been quantified. Therefore, their use is difficult to justify, taking into account the high capital costs and also the lack of support from the regulatory framework.
The technologies used for energy storage have different characteristics and are at different stages of maturity. In this paper, we have described and analysed sixteen of those technologies. We have compared the technologies with regard to power rating, discharge duration, energy density in terms of weight and volume, power density, efficiency, durability in terms of time and cycles, and availability.
Energy storage technologies exhibit a wide range of maturity levels. The most mature and most deployed technology worldwide is pumped hydroelectric energy storage, but technologies such as compressed energy storage and lead-acid batteries are proven as well. Others are already commercially available and also compete in the market, such as nickel-metal hydride batteries, sodium-sulphur batteries, lithium ion batteries, zebra batteries, flywheels, super magnetic energy storage, and super capacitors. Flow batteries and fuel cells are at a third level of technological maturity: they are under development and are seen as alternatives for the future market for energy storage.
Concerning future storage technologies, their integration to ensure a profitable utilisation factor is critical. Actually, one of the reasons why large investments on storage are not attractive from the economic point of view is due to the insufficient remuneration of ancillary services such as balancing services and payments for reserves. The analysis of these situations is quite interesting for the development of further research in this area. Therefore, it is in this topic that we intend to focus our future work.
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